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Combination of Processes for Making Wrought Components 

The present invention relates to metal objects which may be formed using 
casting, incremental forming, or consolidation processes followed by wrought 
5 processes. Such objects exhibit favorable properties, including ductility and 
strength, with reduced cost and lead-time. 

Background 

Processes for forming metal objects, including casting and forging processes, 

10 are generally well known. Various forms of casting processes and forging 

processes have been in use since the Bronze Age. In more recent times, certain 
casting processes have been combined with certain forging processes to improve 
properties of materials and objects. Thus, U.S. Patent No. 4,775,426 issued 
October 4, 1988 to Murley, et al., incorporated herein by this reference, discloses 

is manufacture of a surgical implant by investment casting stainless steel and then 
cold-forging to final shape, in order to reduce porosity of the material and increase 
its strength compared to a machined product from a wrought material. U.S. Patent 
No. 5,729,883 issued March 24, 1998 to Yoshioka et al. and incorporated herein by 
this reference discloses manufacture of an automobile wheel by casting an 

20 aluminum alloy and then forging it, including applying a processing degree of not 
less than 15% and stress of not less than 50 MPa to parts of the wheel to improve 
strength and impart a smooth and highly glossy surface. International Publication 
Number WO 98/42460 dated October 1, 1998 owned by Komtek, Inc. and 
incorporated herein by this reference discloses investment casting metal alloys 

25 using a single-use ceramic mold to form a preform blank and then subjecting the 
blank to extrusion, closed die forging or both to produce desired mechanical 
properties and microstructure. None of these disclosures, however, focus on a 
casting process that utilizes a permanent mold, preferably of metal, for rapid heat 
removal to achieve ductility and a refined grain structure in the cast material 
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sufficient to allow the wrought process step to produce orthopaedic or other surgical 
components with strength and ductility comparable to conventional wrought 
orthopaedic or surgical components. Nor do these disclosures focus on pre-wrought 
processes that achieve the necessary ductility and refined grain structure for 
5 wrought processing through rapid heat removal through the component or a 

quenching atmosphere. Nor do these disclosures focus on pre-wrought processes 
that achieve the necessary ductility and refined grain structure through consolidation 
of powder or semi-solid material under conditions which restrict coarsening of the 
grain structure. 

10 

Summary 

The present invention combines pre-wrought processes with conventional 
wrought processes to produce wrought orthopaedic components at reduced cost 
and lead-time, but comparable to conventional forgings in ductility and strength. 

15 Potentially, any orthopaedic alloy, such as Co-28Cr-6Mo, stainless steel, Ti-alloys or 
Zr-alloys, may be manufactured using the combined processes according to this 
invention. These combined processes may also apply to several orthopaedic 
components, such as hip stems, knee femorals, tibial trays, or skeletal fixation 
plates. For example, this invention could easily be applied to forged hip stems and 

20 tibial trays made of either Co-28Cr-6Mo or Ti-6AI-4V. 

In this invention, the wrought barstock used conventionally for forging feedstock 
is replaced with a bar or preform cast in metal molds and exhibiting the required 
ductile strength and refined grain structure to be forgeable. Other methods for 
producing a bar or preform with sufficient forgeability may be used such as metal 

25 powder consolidation forming, metal injection molding, solid free form fabrication, 
metal rapid prototyping, laser and electron beam forming, spray forming, and semi- 
solid forming processes, so long as the process produces the fine grain structure 
and ductility, and if desired, low-notch brittleness and other properties according to 
the present invention as discussed herein. Thus, in addition to forming the pre- 

30 wrought material using a metal mold, there are at least two other categories of pre- 
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wrought processes according to the present invention: (1) processes that achieve 
the necessary ductility and refined grain structure for wrought processing through 
rapid heat removal through the component or a quenching atmosphere; and (2) 
pre-wrought processes that achieve the necessary ductility and refined grain 

5 structure through consolidation of powder or semi-solid material under conditions 
which restrict coarsening of the grain structure. 

This material, bar or preform may then be forged using one or more forging or 
wrought processes to produce grain size refinement and increase in material 
integrity. Appropriate forging or wrought methods that give the final shape and 

10 properties to the material, bar or preform include: presses (screw, mechanical, 
hydraulic), hammering, rolling, extruding or upsetting, cold forging, any thermal/ 
mechanical forming process, or any other suitable process for producing wrought 
metal objects. The term "forging" as used in this document means any or all of such 
processes. 

15 According to one version of the invention, which can be considered optional, 
material for the wrought process is produced using metal mold casting or another 
forming process which produces requisite ductility and grain size, and then 
preshaped. One option is to produce an oversized bar in the shape of wrought 
barstock which would be subsequently swaged, upset, extruded, or bent to 

20 distribute the material closer to the shape of the final product. A second option is to 
utilize an oversized preform shape resembling the final product. The preshaped bar 
or preform is subsequently forged to produce an orthopaedic product that meets the 
minimum requirements specified in appropriate industry standards for conventionally 
forged products. 

25 Materials suitable for processes according to the present invention include CoCr 
alloys. Alloys similar to CoCr alloys can also be appropriate, for example Ni-alloys. 
In these systems, the maximum forging temperature is limited by dissolution or 
precipitation of second phases. In addition, the material to be forged must have a 
refined grain structure in order to prevent cracking or non-uniform flow during the 

30 forging operation. Other alloy systems which would require a refined grain size to 
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be made forgeable may also be processed according to the present invention. In 
some alloy systems, such as Ti-alloys or Zr-alloys, high forging temperatures are 
required to break down a coarse cast grain structure; an intermediate step is often 
required to refine the original cast structure. Starting with a refined grain structure in 
5 accordance with the present invention may eliminate this additional step and reduce 
cost. 

The present invention can also be used to produce original alloy compositions 
that are not commercially available in barstock form. Pre-wrought processes 
according to the invention allow for the production of new alloys not currently 

10 available, such as new or custom alloy compositions. These alloys can then be 
wrought to produce high quality products which could not be produced by the 
conventional barstock/forging method cost-effectively. A refined grain size is again 
required to make these new alloys forgeable. For example, new titanium, zirconium 
or stainless steel alloy compositions may fall into this category. 

is The combined processes according to the present invention may be used to 

produce a variety of orthopaedic components, including but not limited to: total hip 
systems: stems, femoral heads, unipolar heads, distal sleeves, trial necks, bipolar 
shells, stem endoprosthesis; acetabular systems: shells, rings; total knee systems: 
femoral components, femoral lugs, tibial components, conversion modules, wedges, 

20 stems; total shoulder systems: stem humeral components, glenoid metal-backed 
components, skeletal fixation systems: hip screw nails, hip screw plates, screws, 
pins, rings, posts, cubes; instrumentation: possibly all metallic instruments including 
broaches, reamers, collets, guides, handles, trials, osteotomes, impactors, and 
cutting blocks. 

25 Advantages of processes according to the invention over conventional use of 

wrought barstock as forging feedstock include a reduction in product cost through 
reduction in material cost (less material used and less scrap), reduction of the 
number of operations involved in making the final product, and reduction in delivery 
and manufacturing lead time. Advantages of the permanent mold casting processes 

30 of the invention over using disposable ceramic shells in investment casting for bar or 
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preform production include reduction in processing cost through reduction in the 
number of operations involved in the casting process, reduction in manufacturing 
lead time, enhanced casting process repeatability, improved dimensional accuracy 
and stability of the castings, and reduction of impurities in the casting. 

5 

Brief Description of the Drawings 

Figure 1 is a schematic process flow diagram for a conventional casting 
process. 

Figure 2 is a schematic process flow diagram for a first set of pre-wrought 
10 processes according to the present invention. 

Figure 3 is a schematic process flow diagram for a second set of pre-wrought 
processes according to the present invention. 

Figure 4 is an optical micrograph of metal mold cast Co-28Cr-6Mo from 
Example 1, as discussed below. 
15 Figures 5-1, 5-2, 5-3, 5-4, 5-6 and 5-7 are optical micrographs of compression 

tested metal mold cast Co-28Cr-6Mo with respective specimen numbers from 
Example 1 , as discussed below. 

Figures 6a and 6b, left and right respectively, are optical micrographs of 
conventional wrought Co-28Cr-6Mo. 
20 Figures 7a and 7b, left and right respectively, are optical micrographs of metal 

mold cast Co-28Cr-6Mo from Example 2, as discussed below. 

Figures 8a and 8b, left and right respectively, are optical micrographs of 
conventional investment cast Co-28Cr-6Mo. 

Figure 9 is an optical micrograph of MIM Co-28Cr-6Mo. 
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Detailed Description 

According to the present invention, wrought barstock used conventionally for 
forging feedstock is replaced with a metal mold cast bar, perform or other material 
5 exhibiting the required ductile strength and refined grain structure to be forgeable. 
Other methods for producing a bar or preform with a sufficient forgeability may be 
used such as metal powder consolidation forming, metal injection molding, solid free 
form fabrication, metal rapid prototyping, laser and electron beam forming, spray 
forming, and semi-solid forming processes, so long as the process provides 

10 sufficient heat transfer to impart a sufficiently rapid cooling rate in order to produce 
the fine grain structure and ductility, and, if desired, low-notch brittleness and other 
properties according to the present invention as discussed herein. This bar or 
preform may then be forged using a wrought process to produce grain size 
refinement and increase in material integrity. Thus, in addition to forming the pre- 

15 wrought material using a metal mold, there are at least two other categories of pre- 
wrought processes according to the present invention: (1) processes that achieve 
the necessary ductility and refined grain structure for wrought processing through 
rapid heat removal through the component or a quenching atmosphere; and (2) 
processes that achieve the necessary ductility and refined grain structure through 

20 consolidation of powder or semi-solid material under conditions which restrict 
coarsening of the grain structure. 

Figure 1 show steps in a conventional casting process. As shown in Figure 2, 
any of the pre-wrought processes of the present invention mentioned in the 
paragraph above may be succeeded by a preshaping step before forging (and if 

25 necessary or desired, finishing). As shown in Figure 3, forging may occur without 
preshaping. 

Appropriate forging methods which give the final shape and properties to the 
bar/preform include: presses (screw, mechanical, hydraulic), hammering, rolling, 
extruding or upsetting, cold forging, any thermal / mechanical forming process, or 
30 any other suitable process for producing wrought metal objects. 
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Objects of the pre-wrought process include to produce the bar or preform having 
at least sufficient ductility and refined grain size for the subsequent wrought 
process. Metal mold casting is the first category of such pre-wrought processes 
according to the present invention. Metal mold casting processes suitable for the 
present invention are disclosed in G. N. Colvin, "Permanent mold casting of titanium 
aerospace and automotive hardware", Titanium '95: Science and Tec hnology. P. A. 
Blemkishop, W. J. Evans, and H. M. Flower, eds., The Institute of Materials, London, 
691-701 (1995); G. N. Colvin, S. A. Salter, and A. L. Matthews (Howmet 
Corporation), "Permanent mold or die casting of titanium-aluminum alloys ", US 
Patent 5.505.246 , April 9, 1996; and D. Larsen, "Vacuum diecasting yields quality 
parts", Foundry Management & Technology, February 1998, which are all 
incorporated herein by this reference. 

Examples of the second category of pre-wrought processes according to the 
present invention, in which the necessary ductility and refined grain structure are 
obtained through rapid heat removal through the material, bar or preform already 
formed or accreted, or through a quenching medium or atmosphere, include laser 
and electron beam forming and spray forming, where the material accretes 
incrementally while heat flows into the material already formed and/or the medium or 
atmosphere, or both, during or after application of the material. 

The third category of pre-wrought processes according to the present invention, 
includes processes that achieve the necessary ductility and refined grain structure 
through consolidation of powder or semi-solid material under conditions which 
restrict coarsening of the grain structure. An example of such a process is Metal 
Injection Molding (MIM) also known as Powder Metal Molding (PMM) and Powder 
Injection Molding (PIM). The MIM process involves combining metal powder with a 
polymer binder and injection molding the part. Once the part has been molded, the 
binder is removed, and the part is then sintered to increase the density of the part. 
These debinding and sintering operations must be conducted at temperatures and 
other conditions that prevent excessive grain coarsening of the metal. Suitable 
forms of MIM in accordance with the present invention are disclosed in the following 
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reference which is incorporated herein by this reference: R.M. German, Powder 
Metallurgy Science 2 nd ed. . Metal Powder Industries Federation, Princeton, NJ 
(1994). 

The following examples are presented for the purpose of further illustrating and 
5 disclosing the invention and are not to be construed as a limitation thereof. 

Example 1. 

To demonstrate one example of this invention, fine grain specimens were 
produced for high temperature compression testing that simulates wrought 

io processing. Metal mold casting was used to produce Co-28Cr-6Mo bars, about 1.5 
cm (0.6 in) in diameter and 46 cm (18 in) in length. Specimens were machined from 
these bars to a diameter of 1 .3 cm (0.5 in) and cut to length with a height to 
diameter aspect ratio of 1 .2. Concentric grooves were machined on the top and 
bottom of the specimens and boron nitride spray was used at the specimen/die 

15 interface to minimize frictional effects. A small hole was drilled into the center of the 
specimen to place a thermocouple to monitor the temperature during testing. These 
specimens were tested on a high temperature, controlled atmosphere (argon) 
compression system. A matrix of process parameters included two temperatures 
(1125 and 1175°C), two strain rates (1 and 10 sec 1 ), and three strains (0.10, 0.25, 

20 and 0.50) that were selected to be representative of practical forging parameters for 
CoCr alloys [See "Forging of heat-resist alloys, Forming and Forging, Volume 14, 
Metals Handbook Ninth Edition, ASM International, Ohio 231-36 (1998) which is 
incorporated herein by this reference.]. When the selected strain was produced, the 
specimens were gas-quenched using a high rate argon flow. The engineering 

25 stress/strain data were corrected for frictional effect and adiabatic heating. [See M. 
Long and H. J. Rack: "Thermo-mechanical stability of forged Ti-26AI-10Nb-3V-1Mo 
(at%)", Materials Science & Engineering, A194, 99-111 (1995) incorporated herein 
by this reference ] 

None of the specimens exhibited cracking or indications of unstable deformation 
30 such as banding during or after compression testing, indicating good forgeability. 
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Six compressed specimens were selected and sectioned longitudinally, that is 
parallel to the compression axis, and prepared for metallography using standard 
techniques. Grain size was measured from both the center and the edges of each 
specimen using the circular intercept method in accordance with ASTM E112, which 

5 is incorporated herein by this reference. ASTM grain size numbers were generated 
and converted to diameter values. The pre-wrought metal mold cast microstructure 
was also prepared for comparison to the wrought microstructures. 

The original metal mold cast microstructure is shown in Figure 4. All of the 
compression tests produced a reduction in grain size, as shown in Figure 5 (note the 

10 increase in magnification relative to Figure 4), although grain size refinement was 
not uniform across some specimens (specimen #2 for example). This indicated that 
recrystallization did not occur fully throughout the specimen. However, the parent 
grains from the original cast microstructure appeared always to be reduced. It 
appeared that higher temperature, faster strain rate, and large strain produced more 

is uniform refined microstructure. 

A summary of the grain size measurements is given in Table 1. The original 
grain size of the metal mold cast material was 293 ^m. After deformation, average 
grain size values ranged from 10.8 to 17.1 jam. This represented approximately 
95% reduction in grain size. For comparison, the grain size of a typical conventional 

20 wrought component (produced in accordance with ASTM F-799-96, which is 

incorporated by this reference) is 8.0 fim, as illustrated in Figure 6. Based on grain 
size measurements, the cast-forge material approaches grain sizes comparable to 
conventional wrought microstructures. It can then be expected that material 
processed in accordance with the present invention can have wrought-like 

25 properties acceptable for forged products. 
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Table 1. Summary of grain size measurements. 



Condition 

[temperature, strain rate, 
etna in! 


Average Grain Size 
± Standard 
Lieviaiion lM-n ! 'J 


Specimen 
# 


Conventional wrought 
material (typical) 


8.0 ±2.5 




Metal mold cast bar 


293.2 ±32.1 




1175°C, 10/sec, 0.50 


14.6 ±2.7 


1 


1125°C, 1/sec, 0.25 


17.1 ±1.5 


2 


1i25°C, 10/sec, 0.50 


10.8 ±3.0 


3 


1125°C, 1/sec, 0.50 


13.8 ±2.9 


4 


1175°C, 10/sec, 0.25 


12.6 ±2.2 


6 


1175°C, 1/sec, 0.50 


15.4 ±2.4 


7 



5 Example 2. 

It should be noted that greater reduction in grain size than demonstrated in 
Example 1 may be desired to achieve higher strength values after wrought 
processing. This may be achieved by reducing the grain size of the original pre- 
wrought material or by optimizing the wrought process. 

10 A critical aspect of this invention is that the fine grain structure of the bar or 

preform provides improved ductile strength and sufficient forgeability to the material. 
It is believed that an elongation greater than 18% and an average grain size finer 
than 300 (am, and more preferably below 150 jam, are required for a Co-28Cr-6Mo 
bar/preform, such as produced by metal mold casting, to be wrought processed to 

15 produce a product with favorable properties. Average grain size values for 
conventional investment castings range from about 300 to 1400 jam, typical 
examples being shown in Figure 8. Castings that exhibit this range of grain size are 
considered to be not forgeable by the forging industry. Furthermore, refined 
carbides may also improve forgeability; large blocky carbides are typically observed 

20 in conventional investment castings. Metal mold casting of Co-28Cr-6Mo, such as 

for example the gravity metal mold casting process, can produce an average grain 

size of about 100 to 150 jam, as shown in Figure 7. Other metal mold casting 

10 
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processes with faster heat removal, such as for example vacuum die casting, have 
the potential to produce even finer grain size. 

In order to illustrate the advantage of a refined cast microstructure, the tensile 
properties of metal mold cast Co-28Cr-6Mo were determined and compared to that 

5 of conventional investment cast Co-28Cr-6Mo (produced in accordance with ASTM 
F-75-98 which is incorporated by this reference) and conventional wrought Co-28Cr- 
6Mo. Testing was performed in accordance with ASTM E8 (which is incorporated 
herein by this reference). The results shown in Table 2 show greater strength and 
ductility for metal mold cast material as compared to conventional investment cast 

10 material. These improved properties are believed to be associated with a grain size 
and carbide size in the metal mold cast material finer than in conventional 
investment cast material. The elongation of metal mold cast material is also similar 
to the minimum wrought values, demonstrating that a more refined pre-wrought 
microstructure can facilitate achieving favorable wrought properties. 

15 

Table 2. Properties of cast Co-28Cr-6Mo. 





Tensile 
[MPa] 


Yield 
[MPa] 


Elongation 
[%] 


Metal mold cast 


1041 


593 


20 


Conventional 
investment cast 
(typical) 


729 


501 


15.4 


Conventional 
investment cast 
minimum (ASTM 
F75-98) 


655 


450 


8 


Conventional 
wrought (typical) 


1337-1544 


896-1247 


20-35 


Conventional 
wrought minimum 
(ASTM F799-96) 


1172 


827 


12 
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Thus, these results demonstrate that the metal mold casting technology 
according to the present invention can produce CoCr products with properties 
acceptable for subsequent wrought processing. 

5 Example 3. 

To demonstrate one example of a powder consolidation process that may be 
used to produce the pre-wrought bar or preform, fine grain Co-28Cr-6Mo specimens 
were produced by Metal Injection Molding (M1M). MIM specimens, 10 mm (0.4 in) 
diameter by 89 mm (3.5 in) long were produced and subsequently Hot Isostatic 

10 Pressed (HIP'ed) and Solution Treated (ST). Testing was performed in accordance 
with ASTM E8. Specimens were prepared for metallographic analysis using 
standard techniques. The grain size of the specimens was determined using the 
circular intercept method in accordance with ASTM E1 12. The results for the MIM 
material were compared with corresponding results for typical conventional 

15 investment cast Co-28Cr-6Mo in the HIP + ST condition. 

Table 3 shows the results for both materials. The MIM CoCr material exhibited 
47% greater tensile strength, 6% greater yield strength, 145% greater ductility, and 
4 to 20 times smaller grains compared to conventional investment cast CoCr. 
Figure 9 shows that both the grain size for the MIM material is more refined than for 
20 the conventional investment cast material shown in Figure 8. The MIM material also 
has more finely dispersed carbides than conventional investment cast material 
which are effective in impeding grain growth during the HIP and ST processes. The 
improved mechanical properties for MIM CoCr are attributed to its refined grain 
structure and fine carbide size. 
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Table 3. Properties of MIM Co-28Cr-6Mo (mean + standard deviation). 



(HIP + ST condition) 


Tensile 
[MPa] 


Yield 
[MPa] 


Elongatio 
n [%] 


Grain 
Size [|am] 


MIM 


1073 + 23 


532 + 40 


37.7 + 
3.3 


69 + 10 


Conventional investment 
cast \iypi{*a\) 


729 ± 58 


501 + 13 


15.4 + 
2.6 


276- 
1414 


Conventional investment 
cast minimum (ASTM 
F75-98) 


655 


450 


8 




Conventional wrought 
(typical) 


1337- 
1544 


896- 
1247 


20-35 


8.0 + 2.5 


Conventional wrought 
minimum (ASTM F799- 
96) 


1172 


827 


12 





Thus, these results demonstrate that the MIM, like metal mold casting, can 
5 produce pre-wrought barstock or preforms according to the present invention with 
properties acceptable for subsequent wrought processing. 

The foregoing has been provided for disclosure of preferred embodiments of the 
present invention. Processes disclosed according to any of the three categories 
above may be varied, including by addition or deletion of steps, to produce a 
10 material with ductility and refined grain structure properties suitable for forging, 
without departing from the scope or spirit of the present invention. 
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What is claimed is: 

1 . A process for producing a component, comprising: 

5 a. casting a blank using a metal mold which imparts sufficient conductive heat 

transfer from the blank to achieve rapid cooling of the blank in order to produce a 
blank which features a refined grain structure sufficient to prevent cracking or non- 
uniform flow during forging; and 

b. subsequently forging the blank to produce said component. 

10 

2. A process according to claim 1 in which the blank is cast from a cobalt chrome 
alloy. 

3. A process according to claim 2 in which the cobalt chrome alloy is a Co-28Cr- 
15 6Mo alloy. 

4. A process according to claim 1 in which the blank is cast from a titanium alloy. 

5. A process according to claim 1 in which the blank is cast from a zirconium alloy. 

20 

6. A process according to claim 1 in which the blank is cast from a stainless steel 
alloy. 

7. A process according to claim 1 in which the casting process is a gravity metal 
25 mold process. 

8. A process according to claim 1 in which the casting process is a vacuum die 
casting process. 

14 
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9. A process according to claim 2 in which the blank after casting features a grain 
size smaller than 300 jam. 

10. A process according to claim 2 in which the blank after casting features a grain 
5 size smaller than 150 (am. 

1 1 . A process according to claim 2 in which the blank after casting features an 
ultimate tensile strength of at least 665 MPa. 

10 12. A process according to claim 3 in which the component after forging complies 
with ASTM F-799-96. 

13. A process for producing an orthopaedic component, comprising: 

a. casting a blank from a cobalt chrome alloy using a metal mold which imparts 
15 sufficient conductive heat transfer from the blank to achieve cooling of the blank in 

order to produce grain size smaller than 300 jim and ultimate tensile strength of at 
least 665 MPa; and 

b. subsequently forging the blank to produce said component, the component 
complying with ASTM F-799-96. 

20 

14. A process according to claim13 in which the casting process is a gravity metal 
mold process. 

15. A process according to claim 13 in which the casting process is a vacuum die 
25 casting process. 

16. A process according to claim 13 in which the grain size of the blank is smaller 
than 150 ^m. 

30 17. A process for producing a component, comprising: 

15 
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a. forming a blank by incrementally applying material to portions of the blank 
already formed, thus building the blank in a manner which imparts conductive heat 
transfer from the applied material to portions of the blank already built to achieve 
rapid cooling of the applied material in order to produce a blank which features a 

5 refined grain structure sufficient to prevent cracking or non-uniform flow during 
forging; and 

b. subsequently forging the blank to produce said component. 

18. A process according to claim 17 in which the material is also applied in a 

10 manner which imparts conductive heat transfer from the applied material to a gas 
surrounding the applied material to achieve cooling of the applied material. 

19. A process according to claim 17 in which the blank is formed of a cobalt chrome 
alloy. 

15 

20. A process according to claim 19 in which the cobalt chrome alloy is a Co-28Cr- 
6Mo alloy. 

21 . A process according to claim 17 in which the blank is formed of a titanium alloy. 

20 

22. A process according to claim 17 in which the blank is formed of a zirconium 
alloy. 

23. A process according to claim 17 in which the blank is formed of a stainless steel 
25 alloy. 

24. A process according to claim 17 in which the forming process is a spray forming 
process. 
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25. A process according to claim 17 in which the forming process is an electron 
beam forming process. 

26. A process according to claim 17 in which the forming process is a laser beam 
5 forming process. 

27. A process according to claim 19 in which the blank after forming features a grain 
size smaller than 300 ^m. 

10 28. A process according to claim 19 in which the blank after forming features a grain 
size smaller than 150 jam. 

29. A process according to claim 19 in which the blank after forming features an 
ultimate tensile strength of at least 665 MPa. 

15 

30. A process according to claim 20 in which the component after forging complies 
with ASTM F-799-96. 

31. A process for producing an orthopaedic component, comprising: 

20 a. forming a blank from a cobalt chrome alloy by incrementally applying 

material to portions of the blank already formed, thus building the blank in a manner 
which imparts conductive heat transfer from the applied material to portions of the 
blank already built and to a gas in the presence of the applied material to achieve 
rapid cooling of the applied material, the resulting grain size of the material in the 

25 blank smaller than 300 ^im and the ultimate tensile strength of the material at least 
665 MPa; and 

b. subsequently forging the blank to produce said component, the component 
complying with ASTM F-799-96. 
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32. A process according to claim 31 in which the forming process is a spray forming 
process. 

33. A process according to claim 31 in which the forming process is an electron 
5 beam forming process. 

34. A process according to claim 31 in which the forming process is a laser beam 
forming processs. 

io 35. A process according to claim 31 in which the grain size of the blank is smaller 
than 150 fim. 

36. A process for producing a component, comprising: 

a. forming a blank by consolidating a powderized material under at least 
15 temperature and pressure conditions sufficient to restrict coarsening of grain 

structure of the material in order to produce a blank which features a refined grain 
structure sufficient to prevent cracking or non-uniform flow during forging; and 

b. subsequently forging the blank to produce said component. 

20 37. A process according to claim 36 in which the blank is formed of a cobalt chrome 
alloy. 

38. A process according to claim 37 in which the cobalt chrome alloy is a Co-28Cr- 
6Mo alloy. 

25 

39. A process according to claim 36 in which the blank is formed of a titanium alloy. 

40. A process according to claim 36 in which the blank is formed of a zirconium 
alloy. 

30 
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41. A process according to claim 36 in which the blank is formed of a stainless steel 
alloy. 

42. A process according to claim 36 in which the forming process is a metal 
5 injection molding process. 

43. A process according to claim 37 in which the blank after forming features a grain 
size smaller than 300 jam. 

io 44. A process according to claim 37 in which the blank after forming features a grain 
size smaller than 150 jam. 

45. A process according to claim 37 in which the blank after forming features an 
ultimate tensile strength of at least 665 MPa. 

15 

46. A process according to claim 38 in which the component after forging complies 
with ASTM F-799-96. 

47. A process for producing an orthopaedic component, comprising: 

20 a. forming a blank by metal injection molding a cobalt chrome alloy powder 

material to restrict coarsening of grain structure of the material, the resulting grain 
size of the material in the blank smaller than 300 jam and the ultimate tensile 
strength of the material in the blank at least 665 MPa; and 

b. subsequently forging the blank to produce said component, the component 

25 complying with ASTM F-799-96. 

48. A process according to claim 47 in which the grain size of the blank is smaller 
than 150 ^m. 

30 49. A process for producing a component, comprising: 
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a. forming a blank by consolidating a semi-solid material under at least 
temperature and pressure conditions sufficient to restrict coarsening of grain 
structure of the material in order to produce a blank which features a refined grain 
structure sufficient to prevent cracking or non-uniform flow during forging; and 
5 b. subsequently forging the blank to produce said component. 

50. A process according to claim 49 in which the blank is formed of a cobalt chrome 
alloy. 

10 51. A process according to claim 50 in which the cobalt chrome alloy is a Co-28Cr- 
6Mo alloy. 

52. A process according to claim 49 in which the blank is formed of a titanium alloy. 

15 53. A process according to claim 49 in which the blank is formed of a zirconium 
alloy. 

54. A process according to claim 49 in which the blank is formed of a stainless steel 
alloy. 

20 

55. A process according to claim 49 in which the forming process is a semi solid 
forming process. 

56. A process according to claim 50 in which the blank after forming features a grain 
25 size smaller than 300 jam. 

57. A process according to claim 50 in which the blank after forming features a grain 
size smaller than 150 jam. 
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58. A process according to claim 50 in which the blank after forming features an 
ultimate tensile strength of at least 665 MPa. 

59. A process according to claim 51 in which the component after forging complies 
5 with ASTM F-799-96. 

60. A process for producing an orthopaedic component, comprising: 

a. forming a blank by semi-solid forming a cobalt chrome alloy material to 
restrict coarsening of grain structure of the material, the resulting grain size of the 

10 material in the blank smaller than 300 jum and the ultimate tensile strength of the 
material in the blank at least 665 MPa; and 

b. subsequently forging the blank to produce said component, the component 
complying with ASTM F-799-96. 

is 61 . A process according to claim 60 in which the grain size of the blank is smaller 
than 150 urn. 

62. A component formed according to the process recited in claim 1. 
20 63. An orthopaedic component formed according to the process recited in claim 13. 

64. A component formed according to the process recited in claim 17. 

65. An orthopaedic component formed according to the process recited in claim 31. 

25 

66. A component formed according to the process recited in claim 36. 

67. An orthopaedic component formed according to the process recited in claim 47. 

30 68. A component formed according to the process recited in claim 49. 
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69. An orthopaedic component formed according to the process recited in claim 60. 
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(57) Abstract: The present invention combines pre-wrought processes with conventional forging processes to produce orthopaedic 
components at reduced cost and lead-time, but comparable to conventional forging in ductility and strength. In this invention, the 
wrought barstock used conventionally for forging feedstock is replaced with a preform, blank, bar or other pre-wrought material 
exhibiting the required ductile strength and refined grain structure to be forgeable. A critical aspect of this invention is that the fine 
grain structure of the pre-wrought material provides improved ductile strength and sufficient forgeability to the material. This bar 
or preform may then be forged to produce grain size refinement and increase in material integrity. Three categories of pre-wrought 
processes according to the invention include forming the material using metal molds; processes that achieve the necessary ductility 
and refined grain structure for wrought processing through rapid heat removal through the component or a quenching atmosphere 
or gas; and processes that achieve the necessary ductility and refined grain structure through consolidation of powder or semi-solid 
material under conditions which restrict coarsening of the grain structure. 
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Fig. 2 
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Fig. 3 
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